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Figure 3. Channel maps of the C180 (2—1) compact emission around the VLA 1623W protostar (green star) at high red- and blue-shifted velocities, i.e. frc
+2 km s71 to +4.2 km s™ with respect to the VLA 1623W systemic velocity (+1.6 km s™1). First contours and steps are 3 [{3.4 mJy beam™1). The veloc
o [set with respect to Leys[W) is reported in the top right corner of each panel. The black contour is the 3 [Ielel of the 1.3 mm continuum emission, which
also shown by the gray scale background. The synthesized beam (0™%8 x 0TH0) is shown in the bottom left corner of the first channel.
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F@ure 2. Channel maps of the C180 (2-1) emission on the low velocity range ([+0.2, +3.0] km s™1). The first contour is at 3 [-{Z12 mJy beam™1) and the step
is 10 C_The synthesized beam is shown by the black ellipse in the bottom-left corner of the first channel (beam: 0™83 x 0T44). The positions of VLA 1623A,
B, and W are indicated by the white stars and are labelled in the first channel. The magenta contours in the channels from +1.0 km s~ to +2.2 km s~ indicate
the outflow cavity walls probed by CS (5-4) emission (25 [_cdntour, from Ohashi et al. 2022).The northern, N, and southern, S1 and S2, streamers are labelled.
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The distance to the Serpens South cluster from H,O masers

Gisela N. Ortiz-Le6nt 2, Sergio A. Dzib3 2, Laurent Loinard®?°, Yan GongQ, Thushara Pillai®, and Adele Plunkett’

ABSTRACT

In this Letter we report Very Long Baseline Array observations of 22 GHz water masers toward the protostar CARMA—6 located
at the center of the Serpens South young cluster. From the astrometric fits to maser spots, we derive a distance of 440.7+3.5 pc for

e nrotostar (170 exrror). This represents the best direct distance determination obtained so far for an object this young and deeply
embedded in thls hlghly obscured region. Taking depth effects into account, we obtaln a dlstance to the cluster of 440.7 ==4.6 pe. Stars

visible 1n the 0pt1ea1 that have astrometric solut10ns in the Gaig Data Release 3 are. on.the other hand. all located. at the peripherv .o
the cluster. Their mean distance of 437 o1 pe s consistent within 1o~ with the Value derlved from maser astrometry As the maser
source is at the center of Serpens South we_{inally solve the ambiguity of the distance to this region that has prevailed over the vears.,

Key words. astrometry — water masers — star forming regions — Serpens South — stars: low-mass — techniques: interferometric
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Fig. 2: Spatial distribution of the water maser spots. The numbers in the corners indicate the velocity channel in kms—!. The sy O
are color-coded by epoch (see the figure legend). The spots used for the astrometric fits are filled with crosses (see Sect. 3.2).
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Fig. 4: Spatial distribution of Gaia sources (green star symbols)
- 1n the Serpens South and W40 regions. The arrows indicate their
proper motions. The red star and red arrow mark the location of

Fig. 3: Astrometric fits to water maser spots detected in the velocity range Visr = 9.76 tc the Water mMaser as SOCiated Wlth CARMA—6 and the prOPGr mo-

positions, shown as blue squares. The dashed black line is the fitted model. Expected pos
black dots. (b) Measured positions and best-fit model after proper motions are removed.

(top panel) and Decl. (bottom panel).

aged VLBA spectra of the water maser emis-
1 toward CARMA-6. They were obtained by 1in-
r the area that covers all detected spots, and their
dicated 1n the legends. The vertical dashed line at

marks the systemic velocity of the cloud.

tion from the astrometric fits. The cyan arrows indicate proper
motions of stars in W40 that have VLBA astrometric solutions
(Ortiz-Leon et al. 2015). We subtracted the expected proper mo-
tion of the Serpens South and W40 regions due to Galactic rota-
tion from the proper motions shown here. The background shows

the Hy column density map obtained with Herschel (André et 19
"N 100N
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SEF = 0.3-0.5& WD HEME(CXT U,

Abstract
T he openrng angles of some protostellar outﬂows appear too narrow to mateh the expected

core- star mass efﬁereney S F E = O 3 — 0. 5 if outﬂow cavrty Volume traees outﬂow mass, wrth a

conreal shapeand amax1mum openrngangle near 90 derees However ‘outflow cavities with

paraboloidal shape and wider angles are more consistent with observed estimates of the SFE. This

paper presents a model of infall and outflow evolution based on these properties. The initial state
1s a truncated singular 1sothermal sphere which has mass =~ 1 M, free fall time =~ 80 kyr, and
small fractions of magnetic, rotational, and turbulent energy. The core collapses pressure-free as

its protostar and disk launch a paraboloidal wide-angle w1nd The eavrty walls expand radrally

and entra1n envelope gas 1nto tle outﬂow The model matehes SFE Values When the outflow

WS DD FROBEESTH(IIKITE D,
— AV ORIREFHETADKEL)
DFRICKDEZRTCTIHZS.
SFEZERBH CE=dMN? —> T=2D.
T DHZa. BYIREODFii

7R EE E U TC
ﬁ?umr H’%Zﬂ(&"cﬁ <.
I ERHERE(e.g., BRET) IR EETRLN,

= TNUFIREZEHLUTLWDBTLL D,
SVWAELUT, [O7HRIENDFRIETICKDIGS.
KA RUTEEAGTHNIL, ZNEHIEELTHD DD, | <BWLWHIEHM?

mass 1ncreases faster than the protostar mass by a factor 1-2, yielding protostar masses typical of

the IMF. It matches observed outflow angles it the outflow mass increases at nearly the same rate

as the eavrty VO ume. The predlcted outﬂow angles are then typreally ~50 deg as they increase
rap1dly through the stage 0 duration of ~40 kyr They increase more slowly up to ~110 deg during
their stage I duration of ~70 kyr. With these outflow rates and shapes, model predictions appear
consistent with observational estimates of typical stellar masses, SFEs, stage durations, and

outflow angles, with no need for external mechanisms of core dispersal.
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2. Infall-Outflow Model

Figure 1. Sketch of IO model components in a plane containing the outflow axis and protostar at
the center of a spherical initial core. For simplicity the central concentration of the core gas is not
shown. The left panel shows the initial core. The right panel shows the core components after half
of a free-fall time, at the end of the Stage 0 phase. These components include the central protostar
and disk, an infalling spherical shell at half the initial radius (black), and paraboloidal outflow
shells (red and blue) due to wide-angle winds as in Lee et al. (2000), Z16 and Z19. Each outflow
shell spans the opening angle ¢,, evaluated at the core outer radius. Inward arrows show the
radial inward motion of the infalling spherical shell. Outward arrows show the radial motion of

the paraboloidal outflow shells.

2.1. Protostellar Mass Accretion Rate

The protostellar mass accretion rate dmy,g/dt is derived from the rate at which a shell of

envelope gas falls from its initial radius to accrete onto the protostar. The envelope consists of all

gas within the 1nitial core boundary which 1s not in the outflow and not in the protostar.

The core free fall time 1s denoted as 7 from the initial truncation radius a, and as 7¢,, from

initial interior shells of radius a’, where 0 < ag a. The rate of envelope mass loss to the

outflow is assumed to be dmey,,/dt = —Men ¥/ Tq, for consistency with tapered mass accretion

rates derived from outflow observations (Bonte ' al. 1996, hereafter B96; Curtis et al. 2010),

protostar surveys (Fischer et al. 2017), and simulations (Schmeja & Klessen 2004, Vorobyov

CHDOEXOREBASEEZFHAIT BIEHICTEDRETILICHBULT,

SFEIFREETAODDFRaH>TILUIEHS—RAFT—IH5E8HNND

EERNREFRZETILICAND L&

Low-mass single stars(CBRE Uz 1 RcDEETEIEST )L smiE /8 C (& ?
RBIZDOYIENSHAAH L TDDTIFRL, (CDOLS3KNZE U TWVWBDIEENEE)
IRSRmY IR RERZHASHE TV LDICRZD.

15 (C 077 B0EBIEDYIIE N A BH

The structure of this paper 1s as follows. Section 2 derives expressions for the mass

fractions of the protostar, envelope, and outflow, as functions of time and of the dispersal

parameter a = Td / Tf Here a 1s the dlspersal tlme scale Td normahzed by the 1n1tlal free fall t1me

Tf Sectlon 3 presents the tlme h1st0ry of these component masses dependlng on «. Seetlon 4

b | L | b | b | BV |

b | b | . o . b | ne . e ne b |

Figure 8. Evolution of core mass fractions u in the protostar (red), in the infalling envelope
(green), and in the outflow (blue), for a protostellar system with representative dispersal parameter
a, = 2/m. The resulting pi,s ¢ = € = 0.44 lies within the usually estimated range € = 0.3-0.5. As
in Figures 6 and 7, 8 = t/t; is the ratio of accretion age t to core free fall time 7;. The accretion
age (fop x-axis) 1s based on free-fall time 7y = 82 kyr, and the mass scale (right y-axis) is based
on initial core mass M(0) = 1.05 M. A vertical line indicates the adopted boundary between
evolutionary stages 0 and I, when the protostar and envelope masses are equal, and between stages

I and II, when the envelope mass is zero.
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Line emission from filaments in molecular clouds

F. D. Priestley'*, D. Arzoumanian® & A. P. Whitworth!
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2 Division of Science, National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan
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Filamentary structures are often identified in column density maps of molecular clouds, and appear to be important
for both low- and high-mass star formation. Theoretleally, these structures are expected to form in reglons Where
the sury esomcCloud—scale_turbulent eloc1t 7 _fiel

emission prertiﬂ of these d namlcall formm ﬁlaments 1n the | CO HCN and N H = 1 — O rotatlonal lines.
The results are largely in areement Wlth ob_seratlons in artleular hne widths are t 1eall subsome to transonic,
even for__ ﬁl_ent_s _Whlch_ have frmed_ fohl_ hl / SUp eem ﬂos If the observed filaments are formed dynamlcally,

roduce unrealistic results.

Key words: astrochemistry — stars: formation — ISM: molecules — ISM: clouds — ISM: structure

“While t is model of - ament formation successfu
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